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To date, adding semantic capabilities to web content usually requires considerable server-side re-
engineering, thus only a tiny fraction of all web content currently has semantic annotations. Recently,
we announced Reﬂect (http://reﬂect.ws), a free service that takes a more practical approach: Reﬂect
uses augmented browsing to allow end-users to add systematic semantic annotations to any web-page
in real-time, typically within seconds. In this paper we describe the tagging process in detail and showeywords:
ugmented browsing
emantic annotation
amed entity recognition
enes
how further entity types can be added to Reﬂect; we also describe how publishers and content providers
can access Reﬂect programmatically using SOAP, REST (HTTP post), and JavaScript. Usage of Reﬂect has
grown rapidlywithin the life sciences, andwhile currently only genes, protein and smallmolecule names
are tagged, we plan to soon expand the scope to include a much broader range of terms (e.g., Wikipedia
entries). ThepopularityofReﬂectdemonstrates theuseand feasibilityof lettingend-usersdecidehowand
when to add semantic annotations. Ultimately, ‘semantics is in the eye of the end-user’, hence we believe
h as Rroteins
hemicals
end-user approaches suc
. Introduction
A common situation facing anyone reading text on a web-page
s coming across names or concepts and wanting to know more
etails. In some cases, the reader wants only to quickly check the
eﬁnitionof thenameorconcept,whereas inother cases, the reader
ould like to navigate to other web-pages showing more detailed
nformation about the name or concept.
Currently, faced with this situation, a reader typically executes
heworkﬂow: copy, paste, andGoogle. This approachusuallyworks
ell enough,however somepublishers simplify thisprocessbypre-
agging names and concepts. For example, iHOP [1] provides access
o a large body of the biomedical literature in which the names of
enes, proteins, and other biological keywords have been system-
tically tagged. Such tags canhelp the reader comprehend scientiﬁc
ontent more rapidly and completely.
In many cases, it would be useful if such systematic semantic
ags were available for any web-page. This is especially true for
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complex, fast-changing technical or scientiﬁc ﬁelds with a rapid
growth in the number of entities. For example, in the life sci-
ences, there are millions of fundamental entities (genes, chemicals,
pathways, etc.). This has long since overwhelmed the ability of an
individual scientist to be aware of all entities. Moreover, the intri-
catewebof interconnections betweenentities leads to the situation
that even an expert in a focused research area can encounter unfa-
miliar entities on a daily basis when keeping up-to-date with the
latest research literature.
Semantic tagging of an entity is only part of the story: equally
important is the information that is accessed when the user clicks
on a tag. In the past, entity tags were almost always simple
hyperlinks toweb-pages showing source data entries. Increasingly,
however, entity tags are not hyperlinks but scripts that create a
small popupwindow. A key advantage of using popups is that users
can see basic information about an entity in the context of the cur-
rent web-page, without having to navigate away to other pages. If
needed, hyperlinks to more detailed information can be provided
on the popup.
However, not all users want to see the same information about
an entity. For example, a chemist may like to easily navigate from
the nameof a chemical to the 2D chemical structure, to information
about bioactivity, or to other detailed information. For many non-
scientists, such information could be very confusing:when they see
the name of a chemical in a web-page, they would probably prefer
to access a short text description explaining, in lay terms, what the
chemical is typically used for.
S.I. O’Donoghue et al. / Web Semantics: Science, Services and Agents on the World Wide Web 8 (2010) 182–189 183
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tig. 1. Example of augmented browsing with Reﬂect. A web-page is shown before (
plug-in available for Firefox or Internet Explorer. Reﬂect tags the names of small
n a tagged name (e.g., ‘aspirin’, right image) opens a popup giving access to more d
rom the current web-page.
Providing such enhancements to web content is one goal of the
semantic web’ initiative, but this goal remains largely unrealized
n spite of very active research [2]. Much of the research in this
rea has focused on the development of technologies, such as RDF
Resource Description Framework), that are designed to be used
rimarily server-side by publishers. What options are available for
nd-users who would like to use semantic enhancements in web-
ages they regularly view today? The server-side approach taken
y most semantic web developments offers end-users little other
han hope that mainstream publishers and service providers will
ventually be systematically adopt and apply thesemethods. How-
ver, the slow pace in adopting semantic technologies over the last
0 years suggests thatwewill bewaiting a very long time before all
ublishers provide systematically tagged content, and further pro-
ide popups that can be tailored to each user’s requirements. In this
ork we explore a more practical approach, available and working
oday, that directly empowers end-users to systematically tag any
eb-page. This alternative approach rests on twokey technologies:
ugmented browsing, and real-time tagging.
Augmented browsing is an emerging technology that allows
nd-users to automatically augment or improve the information
n web-pages visited while browsing. A popular example of an
ugmented browsing technology is the Firefox add-onGreasemon-
ey (http://greasespot.net),whichprovidesageneral infrastructure
aking on-the-ﬂy changes toweb-pages. There are a rapidly grow-
ng number of such tools, with a wide variety of ways to modify
eb-pages, changing the page from the way the publisher orig-
nally intended. In principle, augmented browsing tools could
odify the appearance or content of web-page beyond recogni-
ion. In practice, most such tools to date introduce only very minor
hanges, such as removing advertisement or adding semantic tags
o a document, but otherwise leaving the formatting untouched
e.g., Fig. 1). When an end-user chooses to install such a tool, they
re effectively personalizing how they view web-pages.
Within the life sciences, several specialized augmented brows-
ng systems have been developed. One such tool, ChemGM [3],
ags small molecule names and has popups showing 2D struc-d after (right) it has been augmented or modiﬁed by clicking on the Reﬂect button,
cules, genes, and proteins but otherwise leaves the web-page unchanged. Clicking
d information (e.g., the 2D structure of aspirin), without needing to navigate away
tures; however, tagging is rather slow, taking about 1min to tag
a web-page containing a full-length scientiﬁc paper. Another tool,
Concept Web Linker (http://tinyurl.com/conceptweblinker) tags a
broader range of bio-entities, again requiring about a minute to
tag one page. The Concept Web Linker popups show less spe-
ciﬁc information, and to reach more speciﬁc information, such as
protein sequences, the user needs to navigate through a series of
web-pages, in some cases browsing complex ontologies. A related
system, Cohse [4], has even broader scope – it enables users
to choose many different ontologies, including outside the life-
sciences. Currently, however, the publicly accessible versions of
Cohse provide only very limited functionality, and using the life-
science ontologies provided does not allow direct navigation to
speciﬁc information, such as sequences.
Requiring a wait of a minute or more to tag a web-page will dis-
courage many users. To become widely used, we believe that such
methods need to achieve a ‘real-time’ tagging speed, by which we
mean the ability to tag adocument signiﬁcantly faster than the time
taken to transfer it over the Internet. At this speed, tagging adds
only a small delay that end-users are much more likely to accept.
In addition to speed, tagging also needs to be accurate: for bio-
chemical entities, the accuracy of automated tagging has recently
improved signiﬁcantly [5], and such methods are now routinely
used for a wide variety of text mining applications [6].
We recently published a brief announcement of the Reﬂect ser-
vice [7], a new, free community resource that combines real-time
tagging with augmented browsing (Fig. 1). Reﬂect was designed
with a strong focus on ease of installation and ease of use. Cur-
rently, Reﬂect tags gene, protein, and small molecule names, and
providespopupswith summary informationdesigned forbiologists
and chemists. In the present paper, we describe in detail the meth-
ods Reﬂect uses to implement real-time tagging and augmented
browsing.WealsodescribehowtheReﬂectdictionary is structured,
how it can be extended, and how publishers can access Reﬂect
programmatically to provide systematically tagged web content to
their subscribers. Finally, we report on end-user usage, adoption,
and feedback about Reﬂect.
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ndicates the preferred entity name, and the rest are used to rank the popup synon
dentiﬁer to a deﬁnition in HTML format for display on the entity popup (middle).
. System and architecture
.1. Reﬂect lexicon and dictionary
We created a lexicon of protein and small molecule synonyms
y merging the lexicons from the STRING [11] and STITCH [12]
atabases. The Reﬂect lexicon currently contains over 2.6 mil-
ion proteins from 640 organisms and 7.4 million small molecules.
he lexicon lists all synonyms for each entity, and maps them to
unique entity identiﬁer. We re-used existing identiﬁers from
ource databases, e.g., PubChem identiﬁers [8] for small molecules,maps each synonym to entity identiﬁers and assigns a priority. The highest priority
t (middle). Each entity type also has a dictionary service (bottom) that maps each
Ensembl identiﬁers [9] for human proteins, FlyBase identiﬁers [10]
for ﬂy proteins, SGD identiﬁers [11] for budding yeast proteins,
TAIR identiﬁers [12] for Arabidopsis proteins, and RefSeq identiﬁers
[13] for prokaryotic proteins. Both proteins and small molecules
have equivalent entries in several databases. In the Reﬂect lex-
icon, we included identiﬁers from a range of these databases as
additional synonyms. The lexicon of synonyms was then expanded
even further to include orthographic variants of each synonym,
e.g., hyphenation characters were replaced with space characters,
and visa versa. To enable fast tagging, the expanded lexicon was
then loaded into a Perl hash table, with synonyms as keys, and
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Fig. 3. Reﬂect tags, popups, and ambiguity. The HTML code shown is used by Reﬂect to launch the popup. Each tag lists all matching entities in the Reﬂect dictionary, speciﬁed
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ty the entity type (e.g., 9606, indicating a human protein) plus the entity identiﬁer
nambiguously to a single protein, while ‘p14’ matches several protein, small molec
y multiple tabs (as highlighted). In addition, ‘p14’ matches two distinct small mole
ntity identiﬁers as values. This hash currently requires 44GB of
andom-access memory. Fig. 2 shows the structure of the lexicon,
nd illustrates how each entity in the lexicon is connected to a
dictionary’ web-service that delivers a deﬁnition of the entity in
TML format that can be displayed directly on the popup (Section
.4). Adding further entity type is straightforward, requiring only a
exicon and a dictionary service with the same structure.
.2. Tagging service
Tagging requests are managed by a daemon thread with a sin-
le hash containing the complete lexicon. The daemon can accept
ocuments in HTML or text format, and also a URL, in which case
he document is fetched by the Reﬂect server. The daemon does
two-pass scan of each document, ﬁrst to ﬁnd organism names
needed to map protein names to a speciﬁc protein entity), then
second pass to tag all terms in the document that match entries
n the Reﬂect lexicon. Leftmost-longest-matching is used for up to
ve words, testing each combination against the lexicon hash. Rec-
gnized entity names that occur in the text portion of the HTML are
hen substituted with tags that, upon click or mouse-over events,
all a JavaScript function to generate the summary popups (Fig. 3).
eﬂect does not change existing HTML tags or attributes, hence
t preserves the original document layout. When the document is
eturned to theuser’s browser, the onlynoticeable difference is that
ntity names are now highlighted.
.3. User interfaces
As described previously [7], we constructed two kinds of end-
ser interfaces to the Reﬂect tagging service: one is a web-page
hat allows the user to enter a URL and view the ‘reﬂected’ page
n an iframe. The second kind of interface is via plug-ins built both
or Firefox and Internet Explorer; these plug-ins use XML-based
ser Interface Language and Document Object Model events to
ag entities in a web-page in a user’s browser without changing
he overall document layout or the apparent URL. CommunicationENSP00000269305, indicating the human protein p53). In this case ‘p53’ matches
nd to a Wikipedia entry (only available on the beta server), indicated on the popup
, indicated on the popup by a drop-down menu (as highlighted).
between browser and the Reﬂect server occurs via XMLHttpRe-
quest objects.
When the user clicks on the tag of a recognized entity, a
small popup window appears via the overLib JavaScript library
(http://tinyurl.com/overlib). The popup is then populated with
detailed content supplied mostly by CGIs on the Reﬂect server.
For proteins and genes, the popup shows a list of synonyms from
the Reﬂect lexicon, omitting database identiﬁers and trivial ortho-
graphic variations. For proteins, the popup also shows the complete
amino acid sequence, the domain structure from SMART [14], an
image showing the ﬁve most signiﬁcant interaction partners from
STITCH [15], the best matching 3D structure from PDBsum [16], a
visualization of subcellular location, and an image of the organism
taken from iTOL [17]. Clicking on most of these features opens a
new browser window or tab showing more detailed information.
Similarly, clicking on ‘Locus’ opens the corresponding gene entry,
and clicking on ‘Literature’ opens all related Medline abstracts in
iHOP [1]. Dragging the mouse on the domain graphical view scrolls
through the sequence, and hovering over a domain shows its name.
For small molecules, the popup shows the 2D structure from Pub-
Chem [8], and an image of the ﬁve most signiﬁcant interactions
from STITCH. The summary popup is the primary user interface in
Reﬂect and considerable effort was spent to ensure that the popup
provides a useful summary of the frequently needed information
presented in an intuitive and easy-to-use fashion, while using a
minimal screen space.
2.4. Data privacy
The Reﬂect server maintains a standard Apache log of IP access
information, and in the future we plan to improve the service using
informationderived fromthese logs and fromtheURLs of ‘reﬂected’
documents. However we do not use or keep the content of tagged
documents. When using the plug-in and the API, document tagging
takes place only in random-access memory, so document content
is never written to disk. Currently, Reﬂect does not support HTTPS,
although we plan to add this later.
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. Implementation and results
.1. Tagging speed
The current Reﬂect sever can tag a full-length scientiﬁc paper
f 10,000 words in about 0.3 s. A more typically sized web docu-
ent, say 550 words, takes about 75ms. Tagging is almost always
aster than transferring a document to and from the Reﬂect server
generally pages can be tagged and returned within a few seconds
ia standard broadband. The tagging speed is determined by hash
ookup time, and so it is independent of dictionary size.
.2. User interfaces
Reﬂect canbeuseddirectly fromhttp://reﬂect.wsby simply typ-
ng or pasting a URL into the text input box on that web-page and
ressing the ‘Reﬂect’ button. The Reﬂect server then retrieves the
TML document, tags it, and returns a tagged version to the user’s
rowser. Note that this will only work for URLs that are publicly
ccessible.
A more convenient way to use Reﬂect is to install it as a plug-
n into Firefox or Internet Explorer. The plug-in adds a button
o the user’s browser: pressing this button sends the currently
iewedHTMLdocument to theReﬂect server,where it is taggedand
eturned. Thus, with the plug-in, users can ‘reﬂect’ any web-page
hat they can access. The Firefox plug-in provides an option to auto-
atically tag all web-pages viewed, effectively enabling semantic
nnotation for the whole web.
Currently, Reﬂect tags genes, proteins, and small molecule
ames. Clicking on a tagged name opens a popup showing a con-
ise summary of information about the given smallmolecule (Fig. 3,
ottom right) or protein (Fig. 2, middle), as well as listing other
ynonyms. When a tagged name is ambiguous, the popup shows
ll found matches and allows the user to disambiguate the name
y choosing which of the possibilities is most appropriate (Fig. 3).d Agents on the World Wide Web 8 (2010) 182–189
Currently, three levels of ambiguity are shown: ﬁrst, a name may
match both a protein and a small molecule, in which case Reﬂect
shows both possibilities on separate tabs. Secondly, a name may
match to several genes within the same organism, in which case
Reﬂect shows all matching genes in a pull-down menu. Thirdly,
for gene and protein names it is often ambiguous which organism
is intended in the HTML document; Reﬂect shows a list of possi-
ble organisms, derived from the default organism (initially set to
human, can be changed using the Firefox plug-in) plus organisms
mentioned in the document. In the near future, we plan to show a
fourth level of ambiguity, where users will be able to select splice
variants for each gene.
3.3. JavaScript interface
We have implemented several programmatic interfaces to
Reﬂect: the simplest of these lets publishers add a Reﬂect but-
ton directly to any web-page, simply by adding a JavaScript
library and one line of HTML. When the end-user presses
this button the web-page is replaced by a reﬂected version.
This works only for web-pages that are publicly accessible.
Below is an HTML page that implements this method (see also
http://reﬂect.ws/reﬂect by javascript example.html):
3.4. Proxy interface
Publishers wishing to add a Reﬂect button to web-pages that
are not publicly accessible can do so by installing a simple Reﬂect
proxy (e.g., see http://reﬂect.ws/reﬂect by proxy.cgi). When the
end-user presses this button, the page is sent to the proxy,
which contacts the Reﬂect API and returns a reﬂected version
of the page. The proxy must be hosted on the same server as
the web-page. The absolute or relative path name of the proxy
can be speciﬁed as a parameter to the ‘reﬂectByProxy’ script.
Below is an HTML page that implements this method (see also
http://reﬂect.ws/reﬂect by proxy example.html):
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.5. Reﬂect API
The Reﬂect API allows more precise control of how
document is tagged. The API can be accessed via
OAP (http://reﬂect.ws/SOAP API.html) and also via REST
http://reﬂect.ws/REST API.html) using HTTP ‘post’. Below is a
erl example that uses HTTP ‘post’ to tag small molecule and
rotein names in a sample HTML document:
.6. Usage and feedback
We announced the launch of the Reﬂect service at various semi-
ars in 2009, and in a published announcement in June 2009 [7]. By
ctober2009, theReﬂectplug-inhadbeendownloadedover30,000
imes, and several organizations have begun accessing Reﬂect pro-
rammatically to tag text corpora. The average server loadwas over
000 documents tagged per day.
We have also collected considerable qualitative feedback from
nd-users; they frequently told us that they are impressed with
he ease of use, and that they ﬁnd the information and hyperlinks
n thepopups tobe veryuseful.Manyend-users commented specif-
cally that the synonyms list on the popup was especially useful. In
commonly reported scenario, an end-userwould open the Reﬂect
opup for an unfamiliar protein name, only to discover, from read-
ng the synonym list, that the protein was one they already knew
y a different name. Reﬂect helped these users see this connection,
nd thus understand the document, signiﬁcantly faster than they
ould have done otherwise.
Several end-usersalsocommentedspeciﬁcallyon theusefulness
f the information on theprotein popup about amino acid sequence
nd domains. These users reported that, while reading the latest
iterature, they often used Reﬂect to look up proteins mentioned in
ocuments. From the information in the popup, they could rapidly
ecide if a given protein was potentially interesting or not for their
esearch, and if itwas, they copied part of the sequence and domain
nformation on popup and used it directly for the next step in their
nalysis pipeline. For these users, Reﬂect greatly accelerated part
f their daily workﬂow.
By far the most common negative feedback concerned the rate
f false positive and negative tags, which end-users reported were
ometimes confusing and frustrating. This is a well-known issue
hat invariably arises with methods that automatically recognize
amed entities in text. Based on this feedback, we have given top
riority to improving tagging accuracy in future versions of Reﬂect
see Section 4).
. Discussion
.1. Growth in usageThe number of Reﬂect plug-in downloads has increased contin-
ously sincewe launched theReﬂect service, andevenmore rapidly
ince our ﬁrst publication about Reﬂect appeared recently. Part of
his growth in usage can be accounted for by presentations that
e have given about Reﬂect. However, the total number of plug-ind Agents on the World Wide Web 8 (2010) 182–189 187
downloads prior to the ﬁrst published announcement [7] was over
10,000, a much larger number than the cumulative audience at our
presentations. This suggests that Reﬂect usagehas grown largely by
word-of-mouth, i.e., scientists recommend Reﬂect to their peers.
Part of this ‘viral’ growth pattern can be attributed to our deci-
sion to design Reﬂect to be fast and simple to install and to use.
However, we believe another signiﬁcant factor is that the beneﬁt
Reﬂect brings is obvious and easily communicated. The rapid
growth in usage also implies that Reﬂect is addressing needs that
are currently unmet for many scientists: based on user feedback,
the principal needsmet by Reﬂectwere the ability to easily go from
an entity name in a web-page to a list of synonyms, as well as to
other speciﬁc information about the entity (e.g., the amino acid
sequence and domain structure of a protein). User feedback indi-
cates that Reﬂect can meet these needs in a way that signiﬁcantly
improves the daily workﬂow of many life scientists, removing sev-
eral manual steps they would otherwise repeat many times each
day.
Encouraged by these results, we are planning to extend Reﬂect
by adding further entity types such as disease, cell lines, and muta-
tions.We further plan to extendReﬂect beyond the life science, e.g.,
incorporating a wide selection of terms from Wikipedia. Extending
the lexiconwill not slowdown tagging, since thehash lookup speed
is independent of hash size.
4.2. Implications for web semantics
Reﬂect adds semantic information to web-pages, although in
a different manner to traditional semantic web approaches like
RDF. These traditional approaches add rich and powerful semantic-
based capabilities, but require considerable re-engineering of
servers and content databases, and hence are currently used
in only a tiny fraction of all web content. In contrast to these
‘depth-ﬁrst’ approaches, Reﬂect is ‘breadth-ﬁrst’, providing seman-
tic annotations that may be less powerful, but are available today,
systematically applied for any web content.
In addition to breadth-ﬁrst coverage, approaches such as Reﬂect
have another advantage in that their strong end-user focus enables
them to directly address diversity of end-user requirements for
semantic annotation. For example, as discussed in Section 1, the
Reﬂect small molecule popup may be useful for chemist, while
a non-scientist would probably prefer to access only a short text
description. Two chemists might differ in the speciﬁc data they
wish to see on the popup. An end-user interested in the stock
market may want to go from company names to ﬁnancial details,
whereas other users may want only a brief description of the com-
pany. To summarize, we could say that semantics are in the eyes of
the end-user.The traditional semantic web approach assumes that adding
semantic capabilities is the responsibility of publishers and con-
tent providers. A key difﬁculty with this approach is that it
requires publishers to anticipate the many, diverse ways that end-
users would like to use their content. In contrast, the popularity
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f Reﬂect and of social bookmarking services such as Delicious
http://delicious.com)demonstrate theusefulness and feasibility of
emantic annotations initiated by end-users.We believe thatmany
imilar tools will be developed in the near future, some tailored to
peciﬁc end-user interests and requirements. In addition, it is likely
hat individual toolswill themselves increasingly allow customiza-
ion in how they augment web-pages, e.g., the Reﬂect popups are
urrently not customizable, but we plan to add such capabilities.
verall, such tools increasingly will allow end-users to choose and
ersonalize how they view web-pages.
At the same time as real-time tagging and augmented browsing
echnologieswill increase, representing a newdirection for seman-
ic web technologies, traditional sever-side semantic annotation is
lso likely to increase. In fact, these two approaches can be syn-
rgistic, for example the Reﬂect API provides a simple system that
llows life science publishers to deliver pre-tagged content directly
o end-users. In the near future, both sever-side and end-user ini-
iated semantic annotation have an increasing role, and eventually
ill probably interact. Regarding how these interactions would be
tructured, it is probably too early to do more than speculate.
.3. Future improvements
Feedback from users of Reﬂect indicated that its main perceived
eakness is the current rate of false positive and negative tags. One
ossible strategy for improving tagging accuracy would be to use
ore sophisticatedmethods for recognizing entity names, e.g., nat-
ral languageprocessing andmachine learning. Suchmethodshave
een the subject of intense research efforts that has lead to signiﬁ-
ant improvements in accuracy [5]. However, when we compared
he recall and precision of Reﬂect’s tagging of protein names with
range of such methods [7], we found that Reﬂect had median or
etter performance. Moreover, these more sophisticated methods
re generally far too slow for real-time tagging.
We are current working on an alternative strategy that will
nable users to manually correct both false positive and false neg-
tive tags by directly updating the Reﬂect dictionary. This feature
ill enable speciﬁc terms used within a document to be semanti-
ally annotated by the user community, in contrast to systems such
elicious that allowonly the entire document to be annotated. Sim-
lar approaches based on collaborative content-editing have been
uccessfully used in the life sciences (e.g., Gene Ontology [18], see
ttp://tinyurl.com/go-edit) and are likely to increase.
In the near future we also plan to include Wikipedia terms in
he dictionary, thus broadening the scope of Reﬂect beyond the life
ciences.
Reﬂectwasdesigned tohelpend-usersbrowsing thewebby tag-
ingHTML pages, however it can also be usedwith other document
ypes, e.g., Microsoft Ofﬁce documents or PDF, by ﬁrst convert-
ng to HTML then ‘reﬂecting’. Conversion can be often be done
y using a ‘Save As...’ command, or by dedicated document con-
erters. A recently developed extension to Reﬂect called OnTheFly
19] streamlines this process, automatically converting MS Ofﬁce
nd PDF documents toHTML, ‘reﬂecting’ theHTMLdocuments, and
eturning the taggedHTMLdocuments to theend-user. In the future
e plan to integrate these document conversion services into the
ain Reﬂect server.
.4. Conclusions and perspectives
Reﬂect is a publicly funded, free service for the scientiﬁc com-
unity. In its present form, Reﬂect is a useful tool for life scientists,
elping them interpret, visualize, and connect knowledge during
heir daily work. We plan to extend the scope of Reﬂect con-
iderably, and we welcome collaboration proposals for adding
urther entity types, as well as proposals from publishers and data
[
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providers interested in programmatic access to Reﬂect. The evident
popularity of Reﬂect demonstrates the feasibly of real-time seman-
tic tagging and of allowing end-users to choose how to semantic
annotate their web content. This, in turn, suggests a new direction
for web semantics in the future.
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